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ExecutiveSsummary

Net energy metering (NEM) has helped fihed adoptionof distributed solalacross the country. As
deployment ofsolar and other distributed energy resources (BEBntinues to gow, regulators and
stakeholders are investigatingsues such as hogurrent NEMrate structuresreflectthe costs and
benefitsof distributed solaywhether different tariff mechanisns couldbetter align compensation with
the value of distributed solaand how a broader valuation framewockuldfacilitate the maximization
of system benefits from DER adoption

Numerous cosbenefit studies related to NEM have been conducted by a variety of entities, and these
studies haveften produced widely differingesults.This metaanalysis examines a geographically
diverseandbroad selection of studiesom 153atesthat explore the costs and benediof distributed

solar. It is not meant to be comprehensive, but rather reviews a representative sample oidbe
recentlypublishedmaterial The studies represent an evolution of approaches to solar value analysis,
and, while the selection captures different approaches and methodologies, every study either identifies
or quantifies a defined set of cobknefit caegories related to net metering or distributed solar.

Eighteencategories that could represent positive values (avoided costs) or negative values (incremental
costs)are considered in two or more of the studieg@verall studiestend to converge on at lest three

value categoriesavoided energy generation, avoided generation capacity, and avoided transmission
capacity. Common components were more likehatfectthe bulk system, have a large net impaatd

be readily quantifiable. Less commonality igrid across value categoriaffecting the distribution

system, which have incremental impacts and may require more corapigsoaches to quantification.

The set of value categories included, and whether these categories represent costs or benefits,
signifcantlyaffectsthe overall results of a given study.

Figurel. Comparison of value categories across studies
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Otherimportant differencesled studiesto arrive atdiverseconclusions. Somdifferencesare caused by
variableghat are geographically and situationally dependent, while atdéferences are driven by the
input assumptionsisedto estimate their valueStudies use a range of assumptions for factors that
influence results, such as marginal unit displacement, solaefpation, integration costs, externalities,
and discount rated-urthemore, the stakeholder perspectivewhether costs and benefits are
examined from the view of customers, the utility, the grid, or society at laiga key influencer athe
methodologyemployed by he studies and their resulting direction and outcomes

Overall observations from this analysis show, not surprisingly, that a major challenge in studying and
developinganapproach to NEMhe value of solar, and DER valuation is that sonfeevaomponents

are relatively easy to quantify, while others are more diffitaltepresent by a single metric or

measure This metaanalysishighlightsthe different value categories, approach@sd assumptions

used in NEM codtenefit analysisyalue d solar studies, and DER valuation frameworks, emphasizing
commonalities and differences between them, and how they are evolving over time
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Definitions of Key Terms
Some key termased thoughout this report are definedelow.

Behindthe-meter: A generating unjtmultiple generating unitsor other resourcés) at a single location
(regardless of ownership), of any nameplate size, on the cust@mte of the retail meter that serve all
or part of the custome® retail load with electric energy. All electrical equipment framd including

the generation setip to the metering point is considered to deehindthe-meter £*

Distributed energy resource (DER DER is a resource sited closetistomers that can provide all or

some of their immediate electrity and power needsandalsocan be used by the system to either

reduce demand (such as energy efficiency) or provide supply to satisfy the energy, capacity, or ancillary
service needs ahe distribution grid. The resources, if providing electricity or thermal energy, are small

in scale, connected to the distribution system, docdatedclose tothe load. Examples of different types

of DER include solar photovoltaic, wind, combined heak power, energy storage, demand response,
electric vehicles, microgrids, and energy efficieficy.

Distributed solar Smaliscale photwoltaic facilities installed behinthe-meter, typicallyat residential or
commercial sites.

Interconnectioncost: The onetime cost (for hardware, labor, etc.) of connectindistributed
photovoltaicsystemor other DER installation to the local distribution grid, usually to allow the
AyaidlrttlridazyQa 26ySNI G2 aStt I ye ThBdoshiS asdallyPpdidS O
08 GKS AyadlftlriArzy 26ySNE YR akK2dzZ R 6S RAA
the utility alsomay require the owner to fundsuch studies may be required, for example, to ensure
that connecting the additionalistributed photovoltaicsystemon a given distribution feeder will not
affect local voltage stability or otherwise disrupt service to other customers on that feeder.

G NR OA
i Ay 3dz

Net energy meteringor net metering (NEM)/ 2 Yy ANB&d4&8 RSTAY SR GNIBANIOI%S yISANH & 8
GASNIAOS (2 'y StSOGNARO O2yadzyYSNJ dzy RSNJ g KAOK St SO
eligible onsite generating facility and delivered to the local distribution facilities may be used to offset

electric energy provided by the electntility to the electric consumer during the applicable billing

LISNF2 RbéE

Value ofsolar (VOS)Value ofsolar is an alternative to NEM. The VOS method calculates each of the
benefits and costs that distributed solar providesdoimposes onthe electrt system to arrive at a
single VOS rate, typically expressed in cents per kilelnait. This is the rate at which customers are

I North American Electric Reliability Corporation (NERC). FebruaryRi3tiibuted Energy Resources:

Connection Modeling and Reliabilitpr@iderations Available at
http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/Distributed Energy Resources Repart.pdf

2 National Assoaition of Regulatory Utility Commissioners (NARUC). 2Dik&ributed Energy Resources Rate

Design and Compensation ManuAbailable ahttps://pubs.naruc.org/pub/19FDF48BA575160DBAL

BE2E9C2F7EAOQ

3 Energy Policy Act of 2005, Sec. 1251, Net Metering and Additional Standards, (a)(11). For additional information,
seewSFSNBYy OS alydzf FyR t NEPOSRdzZNBa F2NJ LYLX SYSyll A2y 27
2005 Kenneth Rose and Karl Meusen, March 22, 2006, p. 10.
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https://pubs.naruc.org/pub/19FDF48B-AA57-5160-DBA1-BE2E9C2F7EA0

compensated for electricity generated by their godnnected distributeghotovoltaicsystems. Unlike
NEM, the VOS tariff siociates the customer payments for electricity consumed from the compensation
they receive for solar electricity generated. Under a VOS tariff, the utility purchases some (i.e., the net
excess) or all of the generation from a solar installation at atraieis independent of retail electricity
rates?

4 National Renewable Energy Laborat@dREL)U.S. DOE. 2018alue of Solar: Program Design and
Implementation Considerationfévailable ahttps://www.nrel.gov/docs/fy150sti/62361.pdf
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Introduction

Net energymetering (NEM) isa method that adapts traditional monthly metering and billing practices to
compensate owners of distributed generation facilities for electricity exported eogttd. The customer

can offset the electricity they draw from the grid throughout the billing cycle. The net energy consumed
FNRY GKS dziAfAde INARR 20SN) GKS o0AffAy3a LISINN2R 06SO
level of compensationaries bySate, depending on the policies in place. In softates, utilities

compensate NEM customers for excess generation at the full retail rate, while &itltes specify

something other than the retail rate

NEM iscredited with beingone of themain policy drivers behind the widespread and rapidly increasing
adoption of distributed solaphotovoltaic (PVacross the dited Sates. According to the U.S. Energy
Information Administration (ElA)esidential smaidscale solar PV cagfchas increasd significantly in
recent yearsreaching 7.4igawatts GW) in 2016, a 4percentincrease from 2015. Smatale PV
capacity(systems less thanrhegawatt MW]) in the commercial and industrial sectors has also grown
with combined capacjtin those twasectors increasing6 percentin 2016 reaching nearly 5.8 G\Whis
growth is projected to continue, with EIA forecasts reacliiBgy GW in the residential sector and 8.2
GW in the commercial and industrial sector2018°

NEMhas traditionally been uskas a mechanism for compensatiRycustomers, typically residential
and commercial customers with behitilde-meter solar, for electricity they produamnsite. However,
opportunities andchallenges associated withe increasing penetration afolar and ¢her distributed
energy resources (DERsE causingutilities and policymaker® examinemethods toaddress the full
range of costs and benefitssociated withihese behinethe-meter resources

New economicconditionsthat arise with the introduction bdistributedsolarin a utility service territory
canaffectutilities andratepayers andare some of themainchallengedeading to investigabns of
NEM.Concernselated tothe ability of the utility to recover its fixed costs for operating the grial/a

led to questions about how NEM affects cost recov&iwnilarly, thempact that netmetered PV may

have on norsolar customer$as initiatedanalyses ohow NEM and other solar pricing models may
affectretail electricity pricesNevertheless, NEM h&gen introduced as an effective mechanism to
compensate customers with onsite PV generation and has successfully enabled increased deployment of
distributed solar PV.

Sakeholdersacross the countrare debating the future oNEM andmany Sates are undeaking policy
actions toamendNEMIaws and rules or to study thelue ofsolar (VOS}hrough costbenefit analysis.
In addition,someSatesare engaged in legislative, regulatory, and rate design discussions related to
NEMsuccessor tariffincludingSateswith currentlylow penetrations of distributed P\As the

5 For additional information on net metering, séational Renewable Energy Laborat@dREL), U.S. DGiate,

Local, & Tribal Governmentilet Metering. Available dtttps://www.nrel.gov/technicalassistance/basicset-

metering.html

6l d{ ® 9YySNHE LYTF2NNIGA2Y | RYAY A &-6chlg sblar phptovolit forécasts Wdzt &8 M m
its monthly ShorTerm Ener§  h dzii t 2 2 | ®léttps!/@kwleib.tod/tbdByinkenérgy/detail.php?id=31992

”North Carolina Clean Energy Technology Center. Z0&50 States of Solar: Q4 2016 Quarterly Repamual

Review, Executive Summafyailable atttps://nccleantech.ncsu.edu/wp

content/uploads/Q42016 ExecSummary v.3.pdf
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deployment of other distributed resources, such as storagergyefficiencymeasuresdemand

response, anelectricvehicles isexpected to grow,@me regulators and utilities are workirg

broader valuation methodologige provide a foundation founderstanding the comprehensive benefits
and costs associated with increased DER deployment on the grid. This understanding can then be used
to inform pricing, program, and procurement strategthat serve multiple objectives, including

maximizing benefits for all customers

These policy and regulatory trends have spuraesignificant amount of analigby Sates, utilities, and
other stakeholdergo examine thecosts and benefits of net metiag and thevalue ofDERsnore
broadly. In this report, ICF reviews a selectionléfstudiesto identify broad themes and highlight
emerging issues thabfluencehow stakeholders are studying the impactset metering and
distributedsolar.

The studes thatare the focus of this metanalysishave different objectives, ask different questions,
and arrive at differentesults In summary, the review demonstratedistoriclack of consensus around
a preferred methodology for valuing the costs and bésesf distributed solar, and emphasizes how
choices about input assumptions and the perspective from which value is as$essstiong influencer
of studyresults.Themeta-analysisalso demonstrates ahift toward more comprehensive and defined
approadies to valuing distributed solar and DERs more broadly.

Approach

This report i« metaanalysis ofl5 studies related tdhe costs and benefits dIEM andistributed
solar. The selection was made by collectingraadlist of more thard0relevant studiesand narrowing
it based on a set of criteria to ensutteat the sample reviewed represents a balanced ciesdion of
the most recently available material from a variety of stakeholder groups and prepared by various
research firmsThe following criteriaguidedstudy selection

The study identifies a set ghluecategories that can be appli¢d distributed PV

The study was released in 2Qbt later, and was not included in earlier metmalyses

The selection includes studies from different regiohthe country.

The selection includes studies from jurisdictions wditfierent amounts of PV adoption

The selection includes studies prepared by different research fimosilities.

The selection includes studies that were sponsored or commissioneififeyedt organizations
(eg.,Sate utility commissions, utility companies, consumer advocates, environmental groups)

N S S S

Each study was carefully reviewed and categorizgidga matrix to allow for comparison and to
uncover trends.

Thisreport begins witha summary of key observations. Neixtlescribes how the studies were selected
and grousthem into three types: NEM codienefit analysesyOBNEM successor studies, and broader
DERvalueframeworks Then|t identifiesand definesthe value categoriesicludedand notesfactors

that influence howvalues are quantifiedAfter that, the report providesamore detailed comparison of
the valuecategoriesanddiscussessome of the methodological elemendsd input assumptionthat

can causdindings to varyThe last section provides brief summarigdseach ofthe studies reviewed.

\
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Key Observations

Studies represent an evolution of appaches to solar value analysis.

States through their regulateditilities, have historically relied on NEM as a mechanism fo
compensating distributed solahowever the increasing penetration ablar and associated
technologies is causingilities and policymakerto examinehow NEM addresses the full range of costs

and benefits of distributed solaAs distributed
solar paetration continuesto rise,some
regulators and utilitiehavestarted developing
broadervaluationmethodologies and
frameworks that can be applied to distributed
solar, as well as other distributed resources

a technologyneutral way These valuation
frameworks can then be used to infornow
these resources might be compensated for the
services they provide througppropriate
pricing, programs, and procurement strategies
for PV and other DEREBhe studies in this
review represent an evolution of appaches
and include studies thanalyze NEMstudies

on VOS anddocuments that establishroader
DERvalueframeworks.These frameworks are
currently in development andn many ways

are a work in progress.

Overall valuedepends substantially on which
costs and benefits are included and monetized
in a study

L/ CQa NFB @ ASdlue kaie§oyias A T A
considered irtwo or more of the studiesThree
value categoriesall on the wholesale power
system areincluded in all studiesavoided
energy generationavoided generation
capacity,andavoided transmission capacity.
Ten or more of the studies includedlue
categories related tavoided environmental

Evolution of Value to the Distribution System

Assessing the value of DERSs requires analysis of
broader impacts on the wholesabystem and

locational net benefits on the distribution system.

Bulk system value categories, such as avoided energy
generation, avoided generation capacity, and avoided
transmission capacipare relatively common and
generally simple to quantify.

Similaly, incorporating distribution system value
components in a staged order, starting with values
that are the largest and most readily quantifiable, is a
practical approach to capturing neterm value. For
example, distribution capacity deferral represeats
value component with longerm and substantial
value that may be a good first step, and several
Sates, including New York and Californreave
quantified it. As a second steffiates may look

toward the additional value of increasingly complex
componerts such ageliability, resilience, and voltage
management.

The main takeaway is that the quantification of
locational value beyond avoided or delayed
investment in capital costs is an ongoing process that
continues to evolvelFor more information on the
evolutionary pathway of distribution system value
components, sedlissing Links ithe Evolving
Distribution MarketgDe Matrtini, et al.2016).

compliance costs, avoided line losses (including transmission and distribution), avoided distribution
capacity, and integration costs (a negative valuadss common value categories tended to be those that
are more challenging to quantiffhe set of valueategoriesncluded,and whether these categories
represent costs or benefithave a significant impaton the overallresults ofa given study.

Approaches to defining the value categoriesnd methods for quantifyingthem vary across studies

and affect the results

Commontermsand definitions of those termare not uniformly applied across the studiesréder to
the value categoriesand the categories are not always defined to include shme elements.

\
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Furthemore, not all studies include a quantitative vajw®me onlydiscuss how a value could be
calculated Still, there issome degree of alignmemtross many, but not glbf the categorieswhich
makes itpotentially possibleto establishcommondefinitionsandidentify similaror otherwise nuanced
approaches to quantifyingalues for categoriesicross the studied his reviewdentifiesexamples of
how studies differ in their definitions of categories apeantification approaches to demonstrate how
these decisions caaffectthe findings.

Theperspectivefrom which value is assessadfects which valuecategoriesare included and how

they are quantfied.

Cost and benefit considerations change depending orptrepectivefrom which the value is being
assessedDepending on the perspective takeh  dzi A f A 1@ Q& o0dzaAySaa LISNERLISOG
O2yadzyYSNJ LISNELISOGABSI 2 Ndpdttkes padidularRalug tdedotied maykea (S OK
more or less relevanturthemore, ananalysis focused only on utility and ratepayer values will produce

different results from an analysis that considers broader policy gaféésting society at largelhe

perspective also influences whether some categories are included as costs or as bbtafitof the

studies consider multiple perspectives by appharrgnge of coseffectiveness tests typically used by

utilities to assesthe costs and benefitef energ efficiency programfor different stakeholdergroups®

In analyzindhe results or findings from the selection of studiessitmportant to consideto whom the

benefits and costs accrue ahdw that perspectiveaffects outcomes

Studies use a range d@fiput assumptions for factors that influence resultsuch asmarginal unit
displacementssolar penetration,integration costs externalities, and discount rates

Arange of input assumptiorare used inquantifyingvalues for the cosbenefit categoriesThis review

identifies severalassumptionaised in the studies famportant factorssuch asnarginal unit

displacementsolar PV penetration, integration costs, externalities and societal values, and discount

rates associated witlihe analysisJust as alues are sensitive tdifferences in which value categories

are included, how they are quantified, and where the value acciihey are also influenced by choices

ininput assumption® I OK 2F (GKS&aS FIOG2N&R | NB RAZOdzaaSR Ay i

Selection oBtudiesAnalyzed

ICFconducted a literature search eterminerelevantstudiesfrom across the countrto include in

this meta-analysisAfter identifyingmore than40relevantstudiesprepared over theast decadethe

list was narrowedo a selection ofl5.° The goal was not to analyze an exhaustive list, but to review a
samplethat representsa balancedcrosssectionof the most recenly availableanalyses sponsored by
organizations with different perspectivesd prepared by variougsearch firmsTablel lists the
selection ofstudies reviewed® AppendixA provides a citation and brief summary of each study

8 The traditional coskeffectiveness testr the Participant Cost Test (PCT), Utility Cost Test (UCT), Rate Impact

Measure (RIM), Total Resource Cost (TIR&) and Societal Cost Test (SCand the perspectives addressed by

each test araliscussed further in the sectia¥stakeholder Perspectides

9 The full list of studies considered for inclusion is included as Appendix C.

2§ dzasS GKS GSNY aaddzRASaé¢ G2 NEansyss faraimplidtyBow®erOdzy Sy (a NI
some may be more accurately described as reports or other mateFiatssomeXates, we relied on utility

commission orders, staff reports, working group recommendationsther documentation of the costand

benefits currently being considered by regulators. For oates, we relied on documents that provide only a

\
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analyzedNote that more than one document was reviewed in New York and California as a reflection of
ongoing regulatory activiis.

Tablel. Selection of studies analyzed

Arkansas 2017 | Sierra Club Crossborder Energy

District of Columbia| 2017 hF¥FFAOS 2F G KS t S2 LJX Synapse Energy Economics

Georgia 2017 | SouthernCompany Southern Company

California 2016 | California Public Utility Commission (CPU CPUCEnergy and
Environmental Economicg3

Nevada 2016 | State of Nevada Public Utilities Commissi| E3

New York 2016 | New York Public Service Commission (PS NYDepatment of Public
Servicg DPSHtaff

Hawaii 2015 | Interstate Renewable Energy Council Clean Power Research

Louisiana 2015 | Louisiana Public Service Commission Acadian Consulting Group

Maine 2015 | Maine Public Utility Commission Clean Power Research

Oregon 2015 | Portland General Electric Clean Power Research

South Carolina 2015 | South Carolina Office of Regulatory Staff | E3

Minnesota 2014 | Minnesota Department of Commerce Clean Power Research

Mississippi 2014 | Public Service Commission of Mississippi Synapse ergy Economics

Utah 2014 | Utah Clean Energy Clean Power Research

Vermont 2014 | Public Service Departme(R ) Staff VT PSD

All of the studiesreviewedare from2014or later. Halfwere commissionethy Sate utility commissions
and the remaining studiesere commissionedy utility companies, consumer advocates,
environmental groupsiesearch organizationsy other Sate agenciesA handful of firms specialize in
preparingcostbenefit studiesandthis reportincludes a sampleprepared by different fins. However,
some firms prepared more than one studfthe 15 studies reviewed her8ynapse Energy Economics
prepared two studiesEnergy and Environmental Economics (&8 involved in three of the studigs
and Clean Power Reseaqtepared five studig

The selection reflects geographic diversitydincludes Sates withdifferent amounts of distributed PV
adoption and growthFve studies are specific to a single utility service territory, with the remaining
studies focusd on a singleSate or the sevice territories of multiple utilities in the sanfgtate Figure2
indicatesStates where the studies came from and the estimated penetration of NEMaéplate
capacity as a percentage of peak load in th8t#es in 2016

methodologyfor assessing costs and benefits in a certain jurisdiction, rather than verifying whether benefits
outweigh the costs or vice versa.

1 We estimatePV penetration by dividing NEM PV capacity (MW) by peak load (MW). For NEM PV capacity, data
by Sate was obtained from EIA attps://www.eia.gov/electricity/data/eia861 For peak load, we map States by

the National Energy Modeling SysteMEMS) region and ugenual Energy OutloqAEO) 208 sales data (MWh),
adjusted for transmissions losses, to calculate net energy needed to meet load in the State. Net energy is divided
by the load factor for the NEMS region to derive peak load. Transmission losses and load factor are obtained from

\
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Figure2. Geographic diversity of studies and estimated PV penetra?ioh6

Minnesota: 0.2%

Vermont: 6% Maine: 1%

Oregon: 1%

Nevada: 2%

California: 9%

Utah: 2%

lississippi: <0.1%

Arkansas:
<0.1%

Hawaii: 22% Louisiana: 1%
While the selection captures different approaches and valuation methodologiesy studyeither
identifiesor quantifiesa defined set of cogbenefit categories related to net niering or distributed
solar.In generalgcost of service studseare not considerethecausahey are fundamentally different
from costbenefit analyses? Cost of service studies aresed to estimateand allocatehe embedded
and operating costs across gpaiof customersand are more geared toward cost allocation and rate
design than distributed soland DERvaluation®®

As part of a broadditerature review, ICHeviewed existing metanalyse®f solar studieschecked the
individual studies included foelevance andavoided replicatingevaluation of studies that had been
previously reviewed, where possibfeFor more information on solar PV cdstnefit studies prepared

U.S. Eergy Information Administration (EIA). 20¥nual Energy Outlooldvailable at
https://www.eia.gov/outlooks/aeo/pdf/0383(2016).pdf

2 The studies from Louisiana and South Carolina irchetttions on cost of serviceowever our review did not
address these components. In addition, New York ordered utilities to calculate utility marginal cost of service
(MCOS) to determine distribution value components in their Value of DER Phase ifine tar

B Barbose, Galen; John Miller; Ben Sigrin; Emerson Reiter; Karlynn Cory; Joyce McLaren; Joachim Seel; Andrew
Mills; Naim Darghouth; and Andrew Satchwell. 2026.the Path to SunShot: Utility Regulatory and Business

Model Reforms for Addressing thia&hcial Impacts of Distributed Solar on Utiliti€alden, CO: National

Renewable Energy Laboratory. NREGARG65670. Available dittp://www.nrel.gov/docs/fy160sti/65670.pdf

14 Existing metaanalyses of solar studies includéeissman, Gideon, and Bret Fanshaw. 2@t6ning Rewards:

The Value of Rooftop Solar Power for Consumers and Séaiatiable at
https://environmentamerica.org/sites/environment/files/reports/AME%20ShiningRewards%20Rpt%200ct16%201
.1.pdf, Institute for Energy Innovation. 2013olar Energy in Michigan: The Economic Impact of Distributed
Generation a NonSolar Customergwvailable ahttps://www.instituteforenergyinnovation.org/impacbf-dg-on-
nonsolarratepayers and Rocky Mountain Institute (RMI). 2018.Review of Solar PV Benefit & Cost Studies.
Available atttps://rmi.org/wp-content/uploads/2017/05/RMI_Docuent_Repository PubliBeprts eLaiDER
BenefitCostDeck 2nd_Edition131015.pdf
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prior to 2014, se¢hew 2 O &
Studies'®

Types of Studies

a2dzy il A yandysish Révievdni So@ry Beriditikl Cost

The studies in this review represent an evolution of approaches to solar value analysis and can be
broadlygrouped into three typedNEM costenefit analysisYOSNEM successor studies, and broader

DERvalueframeworks In general, these groupings reflect differences in policy comtextany States
have considered changes to NEM policies in recent y&atde 2 identifies how the studies were

groupedand the following discussion summarizes the three types

Talle 2. Grouping of study types

Number
Type of Study Description of Study Type States/Preparedby

Arkansas (Crossborder)

Louisiana (Acadian)
Mississippi (Synapse)

Nevada (E3)

South Carolina (E3)

Vermont (VT PSD)

District of Columbia (Synapse)

Georgia (Southern Company)

Hawaii (CPR)
Maine (CPR)
Minnesota (CPR)
Oregon (CPR)

Utah (CPR)

NEM Cost Evaluate costs and benefits of a NE}l A
Benefit Analysis program; study whether NEM is A
creating a cosshift to non A

participating ratepayers A

A

A

VOINEM 7 Discusshe impacts of NEM and A
Successor consider options for reforming or A
realigning rates withthe net impacts A

of distributed solar in ways #t go A

beyond net metering A

A

A

DERvalue 2 Reflectthe elements of regulatory A
Frameworks activities that look alvOSas partofa | A

more precise approach within a
framework that can be applied to
other DERs

California LNBA (CPUC)

New York BCA @partment of

Public Servicé&taff)

Six of the studies can be considefdBEM costbenefit analyss. These tad to evaluate the impact of

extending an existing daunching a new NEM program, or study whether an existing NEM program is
creating a unfaircostshift to nonparticipating ratepayersrhis issue, sometimes called cross
subsidization, refers to a potgial shift in costs away from solar PV customers, wiight avoid paying

for some fixed grid costs, toward nd?V customers, who make up the difference of these grid costs in
their rates’®’C2 NJ SEI YLX §3 (KS

YIFE3yAdGdRS 2F |y

& ONRa&&

15 Rocky Mountain Institut¢RMI) 2013.
18 For more information orhe cost recovery and costhift issues associated with DER in matking, see NARUC

2016 Distributed Enagy Resources Rate Design and Compensation Manual
17 A 2017 report fronthe Lawrence Berkeley National Laborat¢8N0) explored the potential rate impacts of

a0 dzRe T NE Y existéndvagdy (i
2dz0aARe

ONXB |

i SR

0ée

Ay Of dzRS
i KS OdzN

distributed solar and concluded that the effects are sroathpared to other issues, suels theimpact of energy
efficiency and natural gas prices on retail electricity prices. However, the study found that for States and utilities

s\l
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Severof the studies can be consider&D3NEM successor studie$hese analyses tend to discuss the
impacts of NEM and consider options for reforming or realigritesto account for thenet impacts of
distributed solar in ways that may go beyoR&M For example, Minnesota passed legislation in 2013
requiring the development of a methodolodyy calculat a VOSariff as an alternative tiNEM. he
Minnesotastudyincluded in this review documents the methodology approved byMirenesota Public
Utilities Commissionwhich would be used by utilities to calculate the rate at which electricity generated
by PV customers is compensaféd

The New York and Californséudies can be considerdatoader DERalueframeworks which look at

VOSwithin a methodolodral frameworkthat can be appliedo other, customersitedtechnologies in

addition to solarin New Yorkthe Department of Public Servi¢(PPS¥taff develoged a benefit-cost

analysis framewox 1y 2 ¢y I a (K Sforutilities to evaldaty SERAlNInEes as

substitutes for traditional investment&lore recently, DPS established the Phase One Value of DER

(VDER) methodology, whittansitions away fromraditional NEM andJNBE @A RSa GKS ol aixa ¥
{GFO1¢ GFNRARTFTFI dzy RSNJI ¢ KA v of D& rvosiSadily uantifidife DER O+ £ O dz
values Efforts are currently underway in Phase Two of VDER to develop a Value Stack tariff for smaller
residential rooftop solar and other DER technolog&milarly,m California, the California Public

Utilities CommissiofCPUC3et up theLocational Net Benef\nalysis (LNBAYorkingGroup to develop
amethodology forthe three investorowned utilities to use to value DER by locati@PUC approved

the LNBA for use by utilities in demonstration projects and the framewonkinues to be refined

Instead of a single valuationethodologyfor distributedsolar, these frameworks are evolving to
accountfor the temporaland locational value associated with DER pragj@ttspecific locations and with
specific generation profiles and characterist&sd arebeing used to infornthe next approach to
compensating DER theseStates. In the DPSeport from New Yorkthat wasreviewed forthis meta
analysisthe authors describéEM as an important and eaty-understand compensation mechanism
that effectivey fosteredsolar PV in th&tate but saythat NEM provides atimprecise and incomplete
signal of thedill value and costs of DER® The ongoing proceedings are aimed at developing pricing for
DERs thabetter reflect the actual valugthey create

While allof the studiesprovidea methodology for considering the costsd benefits of distributed PV,
the three types of studiedave different objectives, ask different questions, and arrive at different
results The NEM studigend to apply thevaluecategoriegwhich are discussed in detail in the next
section)to investigate the fairness @compensatiorstructure. The VOS studies use treue
categories to administratively determine a compensatiate that is moreprecisethan the NEM
approach.TheValue of DER frameworkpply thevaluecategoriesn a way thatlignscompensation

with exceptionally high distributed solar penetration levels, the effects could begin to approach the same scale as

other important drivers. SeBarbose, Galen. 201Putting the Potential Rate Impacts of Distributed Solar into

Context p. 31. Available atttps://emp.lbl.gov/sites/default/files/lbnt1007060.pdfNote:[ . b [ Q& aiddzReé A a VY3
included in this metanalysis because it does not attempt to provide a dzetefit analysis of distributed solar,

support an approach to defining a value of solar, or provide a valuation framework for other DERs

8 Minnesota Public Utilities Commission (MN PUC). 2014. Order Approving Distributed Solar Value Methodology.

Docket No. B©99/M-14-65. April 1, 2014. Available at
https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=showPoup&documentid=%7b
FC0357B5BEAEQ99E3BSCCFCF48F822%7d&documentTitle=26A7879301.

¥ New York Department of Public Servibty (DPSR016b), p.4.
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with system value ahgrid services providedavhile also providing method for integratinghe value of
DERs into utility system planning procesS&sverabtudies derive an actudOS while others present
an approach to quantification, but do not derive specific valugsapulate those categories.

Thesefundamentaldifferencesin scope andbjectivemakeit difficult to directlycompale outcomes
because studies do netways have a commagoal orseek to investigate the same isgggeGrouping
the studies into threg¢ypesbased on objective (NEM, VOSD#R Value Framewojlselpsto compare
studies that are similar to each othdrowever not all studies fit squarely intone ofthe three types

For example, the study from the District of Columbia is classifi&O&&hut it also includes a NEM cest
shift analysis. Thstudyfrom Georgids classified as VO3t it is intended to be a broad framework
that is also applicable to utilitgcale solarSummaries of each studgre providedn Appendix A and
clearly indicatehe analytical goadr objective of a study and the related outcomes.

In addition todifferent objectivesdriving variedoutcomes the perspectivdrom which value is assessed
influences which value categories are included and is likely to produce diffesuits. Further still,
regional factorsincluding regulatory structures, weather conditiomsadwholesale and distributionrid
characteristicscandrive differencesand, insome caseghe application of the same analytic method in
different areas caproduce dissimilar result§he goal of the study, the perspective from which costs
and benefits are evaluated, and relevant regional factresnot always explicitlgtated in a study,
further complicatingdirectcomparison.

With these issues in minthe selection of studiesesult in a range of findingelated to the costs and
benefits ofNEM andlistributed solar. Of the six NEM studies, two demonstrdket total benefits

exceed total costs, two conclude that costs exceed overall benefitsyanfbund that NEMrelated
costshifting waseither de minimu NJ & Of 2.4 thdisver V®SI&udies, three quantifytate
specificvOSwhile four provide a methodology but do not produce a specific estimate. Lastly, the two
Value of DER frameworksqvide a methodology for assessing costs and benefits, but do not produce a
specific estimateTable 3 summarizase principal findingof the studies reviewed
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Table3. Summary oprincipal findings

Preparedby Princpal Andings

NEM CostBenefit Analysis

Arkansas 2017 | Crossborder| Benefits of residentiadistributed generatioDQG exceed the costs; da
not impose a burden on other ratepayers

Nevada 2016 | E3 Costshift amounts to a levelized cost of $0.08/kWh forsgixig
installations

Louisiana 2015 | Acadian Costs associated with solar NEM installations outweigh their benefi

South 2015 | E3 NEMrelated costshifting wasde minimusdue to the low number of

Carolina participants

Mississippi | 2014 | Synapse NEM proviles net benefits under almost all of the scenarios and
sensitivities analyzed

Vermont 2014 | PSD NEM results iicloseto zer6 02 & Ga G2 y 2y mLIl NI 7

and may be a net benefit

VOSNEM Successor

District of 2017 | Synapse Utility systemVVOSs $132.66/MWh (2015%$); coshifting remains

Columbia relatively modest

Georgia 2017 | Southern Provides a methodology for assessing costs and benefits; no specil

Company estimate is produced

Hawaii 2015 | CPR Provides a methodology for assessing castd benefits. Preliminary
results suggest net benefit.

Maine 2015 | CPR Value of distributed PV is $0.337/kWh (levelized)

Oregon 2015 | CPR Provides a methodology for assessing costs and benefits; no speci
estimate is produced.

Minnesota | 2014 | CPR Provides a methodology for assessM@$S no specific estimate is
produced.

Utah 2014 | CPR VOSs $0.116/kWh levelized.

DERValue Framework

California 2016 | CPUC Provides a methodology for assessing costs and benefits; no specit
estimate is produced.
NewYork 2016 | NYDPS Provides a methodology for assessing costs and benefits; no specit
estimate is produced.
ValueCategoy Definitions
L/ CQa NB g AsSdlue kafe§oyiathat Tvaré&dnsidered itwo or more ofthe studies? Studies

differed grealy inthe selection of categories, approaches to quantification, tdreselection of
assumptions. This sectigmesents a set of common definitiots define and refer to categorieand
discusses important characteristics about each category, such ah atsumptions matter to its

resulting valueTable4 liststhe value categorieand identifiesthe parts of the system that reflect these

20 An assortment of miscellaneous categories were not assessed in more than oneStuay provide a slightly

different take on one of the more common categories described later in thitose€E | Y LI Sa Ay Of dzRS |y
{Lt 9¢ OdedirStEeaDNMECt of Columbia stuttyaddress the potential Supply Induced Price Effect
aa20AFGSR 6AGK a2t NI NBySgl ofS Sy &edHdhe @dnddok FomOl G SaT |
Georgiato represent the impact that a large penetration of renewable resources could have on system

commitment, dispatch, and future generation buibdit; anda net nonenergy benefits categonysed inthe BCA in

New York, whichelatesto avoidedutility or grid operations (e.gavoided service terminations, avoided

uncollectible bills, avoided noise and odor impaots)incurredcosts (e.g.indoor emissions, noise disturbance).

s\l
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values, includinghe value tothe generation system (G), the transmission system (T), the distribution
system (D)the cost categories (C), and theternal value to society ($)The table also showshether
the category represents a cost or a bengdihd the frequency with which each value category is
addressed in the studies

Table4. Summay of value categories used in studies

Number of
Value Catagory Benefit (+) or Studies
Cost (-) Addressing
this Category
Utility System Impacts

Avoided Energy Generation + 15
Avoided Generation Capacity + 15

G Avoided Environmental Compliance - 10
Fuel Hedging + 9
Market Price Response + 6
Ancillary Services +/- 8

T Avoided Transmission Capacity + 15
Avoided Line Losses + 11
Avoided Distribution Capacity + 14

D Avoided Resiliency & Reliability + 5
Distribution O&M +/- 4
Distribution Voltage and Power Quality +/- 6
Integration Costs - 13

C |Lost Utility Revenues - 7
Program and Administrative Costs - 7

Societal Impacts

Avoided Cost of Carbon + 8

S |Other Avoided Environmental Costs - 9
Local Economic Benefit - 3

The number of studies addressing a value category is the stime sfudies that gantify an actual
value (including a zero value) or provide an approach to quantifying the value within a methodology.

Twodi dZRAS& LINBOARSR aL) | OSK2f RSNEE T2NJ OSNII Ay OFGS

included in the sum, where applicabléategories that were not addressed are those thatergrely
absent orexplicitly not intended for inclusion in valuatioFor a moredetailed look at which studies
addressed particular value category, s&ggure3 in afollowing sectiondComparison of Value
Categories

2 Most studies did not indicate a system level for cost categories, so we casBign one.
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Utility System Impacts
Generation

Avoided Energy Generation

This value category reflects thavoided costof generating energjrom systemresourcesdue to the
output of distributedsolar PV or other DERs. The costpdratingthe displaced margin@enerating
resource is the primary drivaf determining the valugand thisvalue is sensitive teeveal
assumptions aboutvhat that marginal unit is and thereforghat comprises the cost of that avoided
generation.The price of fuel for thegenerationresource displaced on the marggia dominant factor in
the value Studies from regions with IndependeBiystem Operators (ISOs) tend to calculate avoided
energy generation based on wholesale market prit@®onISO regions,atural gass typically
assumed to fuethe marginal unitand most studies rely onatural gas price forecastsdstandard
assumpions for heat ratesdepending on whether the marginal unit is assumed to be combined cycle or
a combustion turbine

Avoided energwlsocanaddressadditional factorsincludingassumptions about variable costs for the
displaced marginal unit, such @ariableoperations and maintenanc&osts which are genert low.?
Dependig on the studythe avoided cosbf energyalsocanincludeavoided environmental compliance
costs and other factorthat are part of the wholesale pric&or example, in Califorjutilities can use
locational marginal prices to determine avoided energy ¢a@stdthe avoided cost of carbon allowances
from its cap and trade program are embedded in the wholesale energy ¥aloeontrast the study

from Nevada usethe hourly margnal wholesale value of energy, excluding the regulatory price of
carbon dioxide emissiorfé All of the studie®valuatedincludethe avoided wholesale energyategory

but with different assumptionsStudies that use locational marginal prices are algaigitly accounting
for transmission congestion on the system to supply wholesale power to that node or aggregation of
nodes.

Avoided Generation Capacity

This value category reflectee amount of central generation capacity that can be deferred or awbide
due to the installation of distribute@V or other DERKey drivers include the effective capacity of a
DER (i.ecoincidence witrsystempeak) and system capacity needJ he value is calculated based on
the avoided cost of the marginal capacity resmiand the effective capacity of the distributed
resource Similar to avoided energy generatisgmestudies assumaatural gas combustion turbines

22 Rocky Mountain Institut¢RMI), 2013, p. 25.

2 California Public Utilities Commission (CPUC). 2016@)a A 3y SR / 2 YYA &a&aA 2y SNDR& wdzZ Ay 3
Capacity and Locational Benefit Analysis Methodologies and Requirements; anth()zkg Demonstration

Projects A and BRulemaking 14€8-013. Order Instituting Rulemaking Regarding Policies, Procedures and Rules for
Development of Distribution Resources Plans Pursuant to Futiliites Code Section 769. pp. 23, A¥ailable at
http://docs.cpuc.ca.gov/PublishedDocs/Efile/GO00/M161/K474/161474143.PDF

2 Price, S.; Z. Ming; A. Ong; and S. Grant. 20é8ada Net Energy Metering Impacts Evaluafion6 Update San

Francisco, CA: Energy and Environmental Economics, Inc.Auvad2ble at
http://pucwebl.state.nv.us/PDF/AxImages/DOCKETS 2015 THRU HRBIEBI14264.pdf

25 Rocky Mountain Institute (RMI3013.
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and sometimes combined cycle units the plant being deferredwhile others usestimates from
capacitymarkes if they ext in the region

Severaktudies apply an Effective Load Carrying Capacity (ELCC) method to measure the amount of

additional load that can be mdity the distributed resourcd-or solar PV, the ELCC can be significant

because PVgenedatzy YI & 0SS NBftAlofte F@FAflroftS Fd LISIF] GAY
generating capacit$ On the other hand, in places where solar generation is more variable or not

coincident withthe peak, and in places with increasisgjarpenetration,solar may not provide capacity

at times when it is neededssumptionsbout future load growthfuture solar growthand their impact

on the shape and timing afie system pealalsoaffectthe ability of variable distributed resources

avoid or defer gstem capacity needall studes include this category

Avoided EnvironmentalCompliance

This value category reflects the@ded cosbf complying withFederal,regional,State and local
environmental regulations. This could incluithe compliance cost of either existing or anticipated
carbonemissions standards or standards relatedtber criteria pollutantsSeveral studies include
avoided environmental compliance within the avoided energy generation value category, which
eliminates the need for tis separate value categorgome studies magddress theavoided cost of
purchasing renewable energy to comply witaterenewable portfolio standardRP$requirements
this metaanalysis includethose avoided costs her@he value depends ddtatespedfic targets and
the current generation mixThis value does not include any avoided societal costs, vifitirdes the
social cost of carbon, andasldressed separategnddiscussedn the SocietalBenefits sectiorbelow.
Tenout of the 15 studies incllie avoided environmental compliancEhreespecificallyaddressavoided
RPS costand only thestudy from theDistrict of Columbia quantésit.?’

Fuel Price Hedging

This value category reflectise avoided costgo the utility based on reducedskandexposureto the
volatile fuel prices of conventional generation resourd@scause renewable generation has no fuel
costs, the cost of solar generation is not subject to fluctuations in fuel prieeforecasted price of fuel
for the displaced marginal seurce is the primary driver of this componefhis value can be assessed
as a benefit tahe utility orabroaderbenefit to society. From the utility perspective, the valedflects
their reduced riskn fuel price volatility. From the societal perspeet it can reflecthe benefit that all
customers may experience froraduced utility rate fluctuationaNinestudies intude the fuel hedging
category

Market Price Response
This value category reflects hange in wholesale energy capacitymarketprices due ¢ increased
penetration ofrenewable generationAs PV penetration increaseéle demand for conventional

26The ELCC of a power generator represents its ability to effectively increase the generating capacity available to a

dzG At AGE 2NJ I NBIAZ2YLFE L2 g SN dadkidR SeEereA R ,RIMaigyi©OMB | a Ay 3 K
Kmiecik; M. Schwab; and M. Perez. 200pdate: Effective Loa@arrying Capability of Photovoltaics in the United
States.Conference Paper. Golden, CO: National Renewable Energy Laboratory. N6ZBI4QFE8. Availble at
https://www.nrel.gov/docs/fy060sti/40068.pdf

27 This category does not apply in &thtes. Forthe District of Columbiahere is a solar carveut within their RPS,

which sets a specitfitarget for solar PV generation from gédnnected systems and significandiffects the value
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generation and capacityesourcesnay be reduced, vhichcould havehe effect of loweringenergy
prices.Sixstudies includenarket price reponse Most studiesapproximate the market price
suppression effect using analysis based on the 2013 Avoided Energy Supply Cost (AEBC) study.

Ancillary Services

This value category reflecémy increase or decrease in costs associated witmésal forgeneration
reserves to provide grid support servicasch ageactive supplyyoltage controlfrequency regulation,
spinning reserve, energy imbalanesdscheduling. The ability to monitor and control distributed PV
and other DERs is an important factbat affects the ability of these variable resources to provide
ancillary services at the time of need.

Regions of the country with established markets for ancillary services may find it easier to include and
guantify this category. Some of the framewsrnleviewed gave an approach to quantifying avoided
ancillary services. For example, E3 uspsrtentof avoided energy in the South Carolina stétin

New York, the BCA uses-g¢ar average of ancillary service costs, but recognizasa caseby-case
approach would be more accuratéEightstudies include this value catego§ome studies may assume
an increase in ancillary services as a component of integration, cistsissedelow.

Transmission

Avoided Transmission Capacity

This category reflectihe avoided cost®f transmissiorconstraintsfrom the addition ofdistributed PV

or other DERSs, whiaimay or may notlefer planned transmission infrastructuopgrades or

replacementsThe taracteristics of the bulk system aBERpenetrationlevels mayinfluence this
component.All studies include this value category, although several combine it with avoided

distribution capacity and apph single value for avoided transmission and distribution capécitie

studies took various approaches to calcultte avoided cost of transmission capacity as a result of the
installation of NEM eligible solar PV systems. Most commonly, the benefits were calculated by assessing
GKS dziAf AlGeQa -redteNdahsyhission cagaditits ogpdsed t?anyRspéiciline cost

analysis Inputs to the calculation include historical transmission capacity expenditures, which can be

28The 2013 AESC study waepared by Synapse and wgsonsored by a group representing the major electric
and gas utilities in New Englaras well as effiency program administrators, energy offices, regulators, and
advocates. Synapse conducted prior AESC studies in 2007, 2009, andrgDiturrently conductinga 2018

study fttp://www.synapseenergy.com/project/avoideeenergysupplycostsnew-england.

2 patel, K.; Z. Ming; D. Allen; K. Chawla; and L. Lavin. 26afh Carolina Act 236: Cost Shift and Cost of Service
Analysis San Francisco, CA: Energy andchBeics, Inc. p. 11Available at
http://www.regulatorystaff.sc.gov/electric/industryinfo/Documents/Act%20236%20C0st%20Shifting%2GRebor
f.

30New York Department of Public Servibey(DPS2016(a), Appendix Op. 7.

31 Stanton, E.; J. Daniel; T. Vitolo; P. Knight; D. White; and G. KeithN&2Metering in Mississippi: Costs,
Benefits, and Policy Consideratio@ambridge, MA: Sypae Energy Economics, Inc. Available at
https://www.synapseenergy.com/sites/default/files/Net%20Metering%20in%20Mississippj.Pifmukes, D.
2015.Egimating the Impact of Net Metering on LPSC Jurisdictional Ratep®atts Rouge, LA: Acadian
Consulting. Available &ttp:/Ipscstar.louisiana.gov/gr/ViewFile.aspx?ld=f2b9ba&acadd6f-acOb
a22b4b0600d5Norris, B. 2014value of Solar in UtalClean Power Research. Available at
https://pscdocs.utah.gv/electric/13docs/13035184/255147ExAWrightTe@%2014.pdf and Patel et al., 2015.
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http://lpscstar.louisiana.gov/star/ViewFile.aspx?Id=f2b9ba59-eaca-4d6f-ac0b-a22b4b0600d5
https://pscdocs.utah.gov/electric/13docs/13035184/255147ExAWrightTest5-22-2014.pdf

based on publicly availablederal Energy Regulatory CommisglEiBRIForm 1 data or data provided
by the utility, and the loadtarryingcontribution made by solar PV.

Avoided Line Losses

This category reflects the value of energy that would otherwise be lost dinetiiciencies in

transmitting and distributing energy over long distances from the central statitinetpoint of
consumpton. EIA estimates that electricity transmission and distribution losses average apeutént

of the electricity that is transmitted and distributed annually in theited Sates.®?> Losses are generally
calculated by developing an average loss fa@od they vary based on time of day aride

characteristics of the utility system. Avoided line lossisemay be reflected in other value categories.
For example, several of the studies prepared by Clean Power Research employ a loss savings factor
approachinstead of using a separate value category to address line 165Sasdies may include both
energyrelated and capacityelated losses. Eleven studies include this value category.

Distribution

Avoided Distribution Capacity
This category reflects the awtsd costs due tthe5 9wQa FoAf AGe (2 NBRdIzOS 21 R

planned distribution infrastructure upgrades or replacements to the distribution system. The value is
sensitive to load growth rate at the distribution feeder or substation level, lopatitpad shape
characteristics, and penetration of DERs and their coincidence with load on that feeder or substation. All
studies except one include this value category. Some studies combine it with avoided transmission
capacity and apply a single value &voided transmission and distribution capacity.

Avoided Reliability and Resiliency Costs

This category reflects avoided costs to thistribution systenfrom the reduction in the frequency and

duration of utility grid outages antte provision of baclkup services, which redudhe impacts on

customers. Five studies include this categdmywever it is challenging to quantifyand no stug in this
reviewcalculates a specific valué* The study from Mississippi includes a discussion of the value

categorieghat it did not monetize and describes how avoided outage costs could be represented in
costbenefit analyses using a value of lost load estimation, or the amibabcustomers would be

willing to pay to avoid interruption of their electric service. Hoeg the study indicatethat there is

y2i 6adFFfFAOASYld S@OARSyOS (2 SadAaylrdsS G4kS SEGSyd
time.® The study from the District of Columbia discusses reliability in terms of outage frequency,

duration, and beadth in its treatment of societal benefits, but indicatesat A i A& RAFFAOdZA G G2
F2NBOFaGé¢ 6KSY aYFNIL AYyOSNISNBR oAttt 0S RSLI 28SR:

32.S. Energy Information Administration (EIA). Frequently Asked Questions, How much electricity is lost in
transmission and distribution in the United States? Avédat
https://www.eia.gov/tools/fags/fag.php?id=105&t=3

33 For a detailed description of the loss savings factor approach, see Norria2@l37.

34The termsiresilience& and dreliabilityé are sometimes used interchangeably and a clearly definedbr
distinguishedn the studies.

35 Stanton et al., 2014p. 35.
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distributed solar customers, and how these deployments may residinar expenditures for the
utility.3®

Distribution Operations and Maintenanceq&M)

Thiscategorycan be assessed as either a cost or a benefienerallyreflectsany increas®r decrease

in O&M costsassociated with utility investments tlistribution assets and infrastructure servicas a
result ofdeployingdistributed solaron the distribution systemFour studies include distribution O&M as
either a cost or a benefit. In some studies, the negative value coultkbemed to béncluded in the
integration cost categonyiscussed later in this section

Distribution Voltage and Power Quality
This categorgan be assessed as either a cost or a benefienierallyreflectsany increase or decrease

in the costsof maintaining voltage and frequencgn the distribution systenwithin acceptable ranges
during electric service delivergndto potentiallyimprove power qualitySix studis include tle value of
distribution voltage antbr power qualitycosts but none of the studies quantify.ifome studis may
addresghis value within ancillary services or integration cosliscussedh the nextsection.

Costs

Integration Costs

This category reflects costs incurred by the utility to integrate and manage distributed solar and other

DERon the utility grd. For example, investments may be required to support voltage regulation,

dzLJANI RS OGN} YyaF2NX¥SNERZ AYONBlFasS | @F At ¥arte§ratidn: dzf § Rdz
costs may include scheduling, forecasting, and controlling DERSs, as preikasment of additional

FyOAff I NE ASNIBAOSA adzOK | a4 NBa $NBStadesddibesptily G A 2y =
what specific investments are assumed to be included in integration costsethehintegration costs

are assumed to applgt the distribution or transmission levdtiowever, the studies frorthe District of

Columbia, Louisiana, and South Carolina include interconnection edstsh is typically a distribution

systemlevel considerationThirteen studies include this categoy

Lost Utility Revenues

This category reflects the loss of revenues to the utility due to reduced retail customer loads associated
with customersited DERs. Lost revenues are the result of NEM participants paying smaller electric bills
and are equivalento customer bill savings. The valigpresents a potential costhift, andis applied

when determiningvhether utility rates for all customers will increase, which some studies evaluated

36 Whited, M.; A. Horowitz; T. Vitolo; W. Ong; and T. Woolf. 2Distributed Solar in the District of Columbia:

PolicyOopt 2y az t20SyGAl 3 =+ f @anbriige, MA2SYnaps&Enérgy RcoMomiésiiprdD.K A TG A y 3
Available atttp://www.synapseenergy.com/sites/defaulfiles/Distributed-Solarin-DG16-041.pdf

$7Bird, L.; M. Milligan; and D. Lew. 2013tegrating Variable Renewable Energy: Challenges and Solutions.

Available atttps://www.nrel.gov/docs/fy13ti/60451.pdf

38 National Efficiency Screening Project (NESP). 2(dfibnal Standard Practice Manual for Assessing-Cost

Effectiveness of Energy Efficiency Resoukoaslable ahttps://nationalefficiencyscreening.org/wp
content/uploads/2017/05/NSPM_Maf017_final.pdf

B¥EKS FNIFIYSE2N] RSOSE2LISR Ay DS2NHAI R2Sa y20 aLISOATFAOI f
associatedvith support capacity, which we consider costs associated with integraBomilarly, the study from

Louisiana does not specifically reference integration costs, but it does include interconnection costs and we

consider that value as a cost associated withgnédion.
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using theRate Impact Measure (RIN8st.** Seven studies include thiglue categorywhile others
arguethat lost revenues are not a new cost created by-nettered systemg!

Program and Administrative Costs

This category reflectihe costs incurred byhe utility to administer various DER incentive programs. It
can inclu@ both the cost oStateincentive payments and the cost of administering them, compliance
and reporting activities, personnel, billing costs, and other administrative costs to implement and
maintain a formal program. Seven studies incltitis value categry.

Societalmpacts
Benefits

AvoidedCost of Carbon

This category reflects avoided costssociety fromreducedcarbon emissiondt does notinclude
avoidedcosisto the utility related tocarbon emissionstherwise includedn avoided energy costy
avoided environmental complianaalue categdes. This category is meant to capture additional
avoided costs that accrue to broader sociéityn mitigating climate chang&ightstudies include this
value categorand three quantify it based on the Sod¢i€ost of Carbon developed by the U.S.
Environmental Protection Agencftudiesmay use a netting out process, such as the one described in
the study from Maineto ensurethat this value category only reflects the net social costsarbonand
does not @uble-countavoided utilitycostsassociated with carbon emissiotigat are embedded in
energy prices?

Other Avoided Environmental Costs

This category reflectihe societal valuef reduced environmental impacteelated topublic health
improvementsfrom reducedcriteria air pollutants (SN, etc.), methane leakage, and impacts on
land and waterAvoided citeria pollutantsare addressedn nine of studiesas a separate category from
the impact of emissions prices on allowance markets that may bededlin the avoided generation
cost categoryFour studies discussoidedimpacts on land and water. Two studies discagsided
methane leakage.

Economic Development

This category reflects economic growth benefits such as jobs in the solar industtyaloea/enues, or
other indirect benefits to local communitigesulting from increasedistributedsolardeployment Local
economic benefit is challenging to quantify and is heavily influenced by assumptions. Three studies

40The purpose of the RIM test is to indicate whether a resource will increase or decrease electricity or gas rates.
When regulators take steps to allow utilities to recover lost revenues through rate cases, revenue decoupling, or
other means, tha the recovery of these lost revenues will create upward pressure on rates. If this upward
pressure on rates exceeds the downward pressure from reduced utility system costs, then rates will increase, and
vice versa (NESP, 2017).

41 Stanton, et al., 2014, (33.

42Norris, B.; P. Gruenhagen; R. Grace; P. Yuen; R. Perez; and K. Rabatytai@6 Iistributed Solar Valuation

Study Prepared for Maine Public Utilities Commission by Clean Power Research, Sustainable Energy Advantage,
LLC, and Pace Law School Bypand Climate Center. p. 35vailable at

http://www.maine.gov/mpuc/electricity/elect generation/documents/MainePUCVOS

FullRevisedRept 4 15 15.pdf
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discuss this value category;lgrthe study from Arkansas quanti§ia value andncludesit in its
assessment of societal costs.

Comparison d¥alueCategories

The following section provides a more detailed - duded

comparison of how the categoriese treated across the ||, cjuded/represented in another category
studies. Figur@ identifieswhich studies includeach Discussed but not monetized/quantified
categoy. Valuesthat are numerically quantified in the  [For NY, included in VDER Phase One
studyare representedn the chart with a solid dot. Values that afiscussedbut not quantified are
representedon the chart with an open dot. Some studies condal more than one valuénto abroader
category and, where possible, these rolepl values are noted with solidred dot.For New York, the
BCA includes a broader set of value categories than the Value of DER (VDER) Phase @neyjemiff.
red dot indtatesthat the valuecategoy is alsancluded in VDER Phase Ghe

O|O|e | @

43Beach, R. Thomas, and Patrick G. McGuire. ZlHi&Z Benefits and Costs of Net Metering Solar Distributed

Generation on the System of Entergy Arkansasnassborder Energy. p. 28vailable at
https://drive.google.com/file/d/0BzTHARzy2TINbHVITmRsM2VCQUU/view

4 For Phase One of VDER, five categories make up the Value Stack: energy, capacity, environmental, demand

reduction value, and locational systemlief value. Because VDER uses locational marginal prices (LMPs), we

FaadzyS GKIFG GKS O02YY2y @Fftdz2S OFGS3IA2NASa aaz20A1FGSR gAll
f2aaS54¢ | bedusd tradmisgiRrScBrgestion and losses are implicithyeeded in the LMP. However,

the LMP does not factor in avoided costs from deferring transmission upgrades nor apply a specific line loss

percentage. For the two distribution system valuedemandreduction and locational system reliefve use the

commonvatzS OF §S3A2NE | 3420AF0SR 6AGK alf P2ARSR RAAGNROdziAZ2Y
more specifically aimed at measuring peak load reduction in higher value areas.
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Figure3. Comparison of value categories across studies
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The mostcommoncategories werémpacts on the bulk power systeravoided energy generation,
avoided generation capacitynd avoided transmission capac{all the studies include thejnThe
second most common categories, included in 10 or more studies, were avagd@dnmental
complianceavoided line losse8ncluding transmission and distributiprmvoided distribution capacity,
and integration costs

The least common codtenefit categoriesincluded in five or fewer studiegiere distribution O&M,
avoided resiliency and reliabilitgnd economic developmentvoided resiliency and reliabilitgs well
aseconomic development benefithave proverto be somewhatchallenging to calculate, which may
explain why a humber of studies did not include theStudies that emphasize locational value, such as
New York and California, may consider thsilience,reliability, and other benefits at the distribution
level more effectivelyhan studies taking statewide or systdewvel approaches.

Studies that do include these values desctiar approaches to calculating ithe California LNBA
measuressystan reliabilityresilienceby monitoring System Average Interruption Duration Index

(SAIDI), System Average Interruption Frequency Index (SAIFI), and Momentary Average Interruption
Frequency Index (MAIFI) resufits® Similarly, he New York BCA Frameworikcludes
reliability/resiliencevalues in terms of net avoided restoration costs and net avoided outages. Net
avoided restoration costs are calculated by comparing the number of outages and the speed and costs
of restoration before and after a project is itemented to find the difference. Avoided outage costs are
similarly calculated by determining how a projeétects the number and length of an outage and
multiplying by the estimated costs of an outage. The estimated cost is determined by customendlass a
geographic region. For both avoided restoration costs and avoided outages, some portion of this value is
already factored in théransmission and distributioriT&D) infrastructure costs, and this category
represents the net avoided co$t

Figured showsthe range of magnitude of value categories as a percentage of net inffigares shows
value stacks from five studies that clearly document vaffiésioided energy tendetb provide the
largest share of benefits out of all the categoridgoided genertion capacity and fuel hedgirajso
tended tomake up significant portions of the value staEkr studies that includsocietal benefitsuch
asthe avoidedcost of carborand other avoided environmental costs, these components can make up
significant potions of the value stack, such as in the Arkansas and Maine studies, or they may have
more modest values, such as in the District of Columbia and $ftales The size of avoided carbon

45 California Public Utilities Commissi€@@P{UC) 2016(a), p29.

46 The LMBA currently includes the value of increased reliability from DERs where DERs can defer or avoid an
otherwise necessary investment to bring reliability up to an acceptable;lbaglever consensusas not been
reachedon whetherthe non-capacity benefit®f increased reliability associated with the frequency, duratimm
magnitude of customer outages should be factoredSaeCalifornia Public Utilities CommissiddRUE 2017.
Locational Net Benefit Analysis Working Group Final Repoktmaking 14€8-013. Order Instituting Rulemaking
Regarding Policies and Rules for Development of Distribution Resources Plans Pursuant to Public Utilities Code 769,
and Related Matters. March 8. p. 38vailable ahttp://drpwg.org/wp-content/uploads/2016/07/R140801-8t-al-
SCH.NBAWorkingGroupFinatReport.pdf

47 New York Department of Public Servibly DPS2016a), Appendix Qpp. 2, 14.

48 Four studiepresented quantified values that we were not able to draw upon, either because they would have
required visual assumptions or were otherwise incomparable.
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and other environmentabalues depenslon a number of factorsuch & the generation mix being
displaced by distributed PV in the region and the approach used to calculate the social cost of carbon.

Figure4. Range of magnitude of value categories as a peag@uf net impact
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Figure5. Comparison of value stazfor studies that documented values)

* Values expressed in 2017 dollars per MWh, levelized over 25 years (except for the District of Columbia, which usedSXdidieart)at

expressed values in varying dollar years and in dollars per KWh were conWiéréedirkansas study looked at two sets of avoided costs,

AyOfdzRAY3I |y G4SELI yRSR OF&aSs¢ 6KAOK AyOfdzRS& I 06 N®Btlcde§didsar8 i 2F O (533
included, but are not visible because the value is small. The Mississippi study considered two cost categories (redueean@ven

administrative costs) but neither value is shown because the detailed data were not found in the gatdgidinot include separate cost

categories. Louisiana is not represented in the figure because costs and benefits are presented in net present valud tiymetdand

themselves to comparison.

Stakeholder Perspective

In addition to the differencesiivalue categories described above, there are differences in the
perspectives of the studidbat canaffectthe value categoriegcluded.For example, Wwenassessing
the value oNEM distributed solarand other DER it is important to recognize whetthe benefits or
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